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(57) ABSTRACT

A method for forming a semiconductor device includes pro-
viding a semiconductor substrate; forming a gate dielectric
over the semiconductor substrate; forming a gate electrode
over the gate dielectric; forming an insulating layer over a
sidewall of the gate electrode; defining source and drain
regions 1n the semiconductor substrate adjacent to the 1nsu-
lating layer; implanting a dopant in the source and drain
regions of the semiconductor substrate to form doped source
and drain regions; forming a sidewall spacer adjacent to the
insulating layer; forming a recess in the semiconductor sub-
strate 1n the source and drain regions, wherein the recess
extends directly underneath the spacer a predetermined dis-
tance from a channel regions; and forming a stressor material
in the recess. The method allows the stressor material to be
formed closer to a channel region, thus improving carrier
mobility in the channel while not degrading short channel
elfects.

19 Claims, 4 Drawing Sheets
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METHOD OF MAKING A SEMICONDUCTOR
DEVICE WITH EMBEDDED STRESSOR

BACKGROUND

1. Field

This disclosure relates generally to semiconductor devices,
and more specifically, to semiconductor devices with embed-
ded stressors.

2. Related Art

Embedded stressors have been found to be effective in
increasing transistor performance by increasing carrier
mobility. The typical process includes forming recesses in the
source/drain regions and then filling the recesses with a semi-
conductor material that acts as a stressor to provide stress to
the channel while also being effective as a source/drain. For
the channel being silicon, the use of silicon germanium stres-
sors has been found to be effective for the P channel transis-
tors and silicon carbon has been found to be effective for N
channel transistors. To increase stress and thereby increase
transistor performance, the stressors are desirable adjacent to
the channel. Thus a benefit of the stressors being immediately
adjacent to the channel 1s maximizing the stress to the chan-
nel. The cost of this benefit can be increased leakage due to
loss of short channel control 11 the stressors continue straight
down from the lateral edge of the channel. Thus, a benefit 1s
seen 1n attempting to provide a stressor that 1s shallow 1n the
arca immediately adjacent to the channel to and 1s deep 1n the
area where the source/drain contact 1s formed. This then
brings the stressor adjacent to the channel to increase transis-
tor performance while not degrading current leakage. This
can be achievable but has been found to add processing com-
plexity.

Accordingly there 1s a need to achieve the benefits of
embedded stressors while avoiding or reducing the problems
associated with making them.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example and
1s not limited by the accompanying figures, in which like
references indicate similar elements. Elements 1n the figures
are 1llustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FIG. 1 1s a cross section of a semiconductor device at a
stage 1n processing according to one embodiment;

FIG. 2 1s a cross section of the semiconductor device of
FIG. 1 at a subsequent stage 1n processing;

FIG. 3 1s a cross section of the semiconductor device of
FIG. 2 at a subsequent stage 1n processing;

FIG. 4 1s a cross section of the semiconductor device of
FIG. 3 at a subsequent stage 1n processing;

FIG. 5 1s a cross section of the semiconductor device of
FIG. 4 at a subsequent stage 1n processing;

FIG. 6 1s a cross section of the semiconductor device of
FIG. § at a subsequent stage 1n processing; and

FIG. 7 1s a cross section of the semiconductor device of
FIG. 6 at a subsequent stage 1n processing.

DETAILED DESCRIPTION

In one aspect, a source/drain and extension region 1s
formed by implanting into a semiconductor layer using a gate
and an offset spacer as a mask. The implant has the affect of
altering the etch characteristic of the portion of the semicon-
ductor that recerves the implant. The result 1s that the source/
drain and extension region has a different etch characteristic
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from the semiconductor layer in which it 1s formed. A side-
wall spacer 1s formed around the gate. A source/drain contact
region 1s recessed with a first etchant using the sidewall spacer
as a mask. The source/drain extension region 1s recessed
using a second etchant that etches the extension region selec-
tively over the semiconductor layer due to the different dop-
ing concentrations 1n the two regions. The second etch thus
leaves a recess under the sidewall spacer. The recess 1s then
filled with a stressor. This also partially fills the recess of the
source/drain region. The recess 1s then completely filled with
stressor material that can be of a different in-situ doping
concentration from what filled the source/drain extension
region. This 1s better understood by reference to the drawings
and the following description.

Shown 1n FIG. 1 1s a semiconductor device 10 comprising
a substrate 12, an insulating layer 14 over substrate 12, a
semiconductor layer 16 over insulating layer 14, a gate dielec-
tric 18 over a portion of semiconductor layer 16, gate elec-
trode 20 over gate dielectric 18, an msulating layer 24 over
gate electrode 20, a sidewall spacer 22 around gate electrode
20, and source/drain and extension regions 28 and 30 1n
semiconductor layer 16 formed by an implant 26 using gate
clectrode 20 as a mask. Substrate 12 1s for providing physical
support for semiconductor device 10 and may be silicon.
Insulating layer 14 provides insulation between substrate 12
and semiconductor layer 16 and may be silicon oxide. Semi-
conductor layer 16 1s for use 1n forming transistors and poten-
tially other devices and may be silicon. Substrate 12, msulat-
ing layer 14, and semiconductor layer 16 together form a
semiconductor-on-insulator (SOI) substrate. A bulk substrate
may be used instead. Gate dielectric 18 1s very thin, such as 20
Angstroms, compared to all of the other layers and may be
silicon oxide. Gate electrode can be doped polysilicon but
could be a stack of materials, especially one or more metal
layers and may or may not further include polysilicon. Insu-
lating layer 24 may be silicon nitride. Sidewall spacer 22,
which may be silicon oxide or silicon nitride, 1s relatively thin
for a sidewall spacer, about 100 Angstroms, and 1s for pro-
tecting the sidewall of gate electrode 20 and providing a small
olfset of the source/drain and extensions 28 and 30 from the
edge of gate electrode 20. Implant 26 can be a conventional
source/drain extension implant using arsenic for the case of
an N channel transistor. Implant 26, 1n this case, 1s for chang-
ing the etch characteristic for source/drain and extension
regions 28 and 30 from that of semiconductor layer 16. That
a conventional source/drain extension implant can be used to
achieve this 1s a benefit 1n that standard processing can be
used. In this example of semiconductor layer 16 being silicon,
arsenic doping changes the etch characteristic so that arsenic-
doped silicon, with the properly selected etchant, can be
ctched selective to silicon that has not been arsenic doped.
Source/drain extensions 28 and 30 are only doped to a depth
of about a third of the width of gate electrode 20 which
corresponds to the channel length but can be adjusted to
optimize the extension recess depth.

Shown 1n FIG. 2 1s semiconductor device 10 after forming
an insulating layer 32 over gate electrode 20 and source/drain
extension regions 26 and 28. In a typical integrated circuat,
transistor of both P and N type would be formed. This
example 1s for N-type but 1s applicable to P channel transis-
tors as well. Insulating layer 32 would be formed over the P
channel transistors as well as shown for the N channel tran-
s1stor.

Shown 1n FIG. 3 1s semiconductor device 10 after forming
a sidewall spacer 34 around gate electrode 20. Sidewall
spacer 34, at the widest point, 1s about the same as the width
of gate electrode 20 but can be thicker or thinner to adjust the
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final length of a stressor yet to be formed 1n the source/drain
extension portion of regions 28 and 30. Sidewall spacer may
be silicon nitride.

Shown 1n FIG. 4 1s semiconductor device 10 after remov-
ing 1sulating layer 32 1n the areas not covered by sidewall
spacer 34. For the other type of transistors, which are not
shown, msulating layer 32 would not be removed.

Shown 1n FIG. 5 1s semiconductor device 10 after etching
semiconductor layer 16 using sidewall spacer 34 and insulat-
ing layer 24 as amask to leave arecess 36 for one source/drain
contact region and a recess 38 for another source/drain con-
tact region on an opposing side of gate electrode 20 from that
ol recess 36. An effective etchant for etching through arsenic-
doped silicon and undoped silicon 1s sulfur hexafluoride with
parameters that cause the etch to be anisotropic. For this
example of sulfur hexafluoride, the etch 1s a dry plasma etch
using a bias source. Other anisotropic etches may also be
used. Nitrogen trifluoride 1n the presence of chlorine 1s one
example. Another example 1s hydrogen bromide 1n the pres-
ence of chlorine. Oxygen may also be an effective component
of the etch chemistry. In this case undoped silicon means a
doping level below 1 e 18 (one times ten to the eighteenth)
atoms per cubic centimeter. Doped means 1n excess of a
doping level of greater than 1 € 19 atoms per cubic centimeter.
Carrier gases include argon and helium and others may also
be effective. It 1s preferable that the difference between doped
and undoped concentrations be at least a factor of about one
hundred. Remaining portions of source/drain extension
regions 28 and 30 remain under sidewall spacer 34.

Shown 1 FI1G. 6 1s semiconductor device 10 after changing
the etch conditions to remove the remaining portions of
source/drain extension regions 28 and 30 to leave recesses 40
and 42, respectively. Disabling the bias source 1s effective 1n
converting the etch to an 1sotropic etch. With the etch being
1sotropic, the remaining portions of source/drain extension
regions 28 and 30 etch much faster than semiconductor layer
16. This etch can be more tightly controlled and the selectivity
can be somewhat tuned by controlling the concentration of
the sulfur hexatluoride. Thus the selective etch of the remain-
ing portions of source/drain extension regions 28 and 30 can
be achieved with a change in etch conditions of turning off the
bias power and diluting the sulfur hexafluoride with an
increase 1n the inert carner gas. The etch that forms recesses
36 and 38 1s different than the etch that forms recesses 40 and
42 but 1t can also be viewed as a continuous etch because the
two different conditions for the two etches do not require any
delay or removal of semiconductor device 10 from the etch
chamber. Even a change 1n the active reactant may not require
any delay 1n the etching. Such a change may not require a
change 1n the etch equipment.

An alternative 1s for the second etch to be performed 1n a
tool 1n which epitaxial growth can be performed. This can be
done with minimal change, 1 any, to currently available
equipment because the second etch does not require a bias
power. Thus, the 1sotropic etch can be performed 1n a chamber
that 1s also capable of performing epitaxial growth. In such
case, the subsequent epitaxial growth can be done 1n situ
following the second etch.

Shown 1n FIG. 7 1s semiconductor device 10 after epitaxi-
ally growing source/drain region 44 in recesses 36 and 40 and
source/drain region 46 in recesses 42 and 46. Source/drain
regions 44 and 46 also are stressors that are, for this described
case of N-type, formed from silicon carbon that are 1n situ
doped with phosphorus in that they are doped as they are
grown. Being silicon carbon, they provide a tensile stress to
the channel, the region between source/drain regions 44 and
46 immediately under gate 20. Semiconductor device 10 of
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FIG. 7 1s a functional transistor. Subsequent processing
would typically include siliciding source/drain regions 44
and 46 and forming overlying interconnect layers. Other fills
for different stresses can be silicon germanium (S1Ge) or even
silicon, germanium, and carbon (S1GeC).

As an option, the phosphorus doping concentration of
source/drain regions 44 and 46 can be changed after the
extension recesses 40 and 42 have been filled. In such case the
region of recesses 40 and 42 can have a doping concentration
selected for the purpose of being source/drain extensions and
the region for making contact to source/drain regions 44 and
46 can have a doping concentration selected for the purpose
of siliciding and making electrical contact. This staged dop-
ing 1s also applicable for the reverse case of forming a P
channel transistor with silicon germanium stressors that are
compressive as source/drain regions 44 and 46. In the case of
P channel transistors, source/drain regions 44 and 46 would
be 1n situ boron doped instead of phosphorus. Also for the N
channel case, arsenic may be used as the dopant.

The resulting structure, which requires minimal increased
processing complexity, has the desired stressor immediately
adjacent to the channel but spaced back at the lower depth.
Thus, the current leakage 1ssues that arise from the source/
drain being to close at the lower depths does not arise.

By now 1t should be appreciated that there has been pro-
vided a method for forming a semiconductor device that
includes providing a semiconductor substrate, forming a gate
dielectric, forming a gate electrode, forming an insulating
layer, defining source and drain regions, implanting a dopant,
forming a sidewall spacer, forming a recess, and forming a
stressor material. The gate dielectric 1s formed over the semi-
conductor substrate. The gate electrode 1s over the gate
dielectric. The insulating layer 1s over the sidewall of the gate
clectrode. The source and drain regions are 1n the semicon-
ductor substrate adjacent to the insulating layer. The dopant is
in the source and drain regions of the semiconductor substrate
to form doped source and drain regions. The sidewall spacer
1s adjacent to the insulating layer. The recess 1s in the semi-
conductor substrate 1n the source and drain regions. The
recess extends directly underneath the spacer a predeter-
mined distance from a channel region. The stressor material 1s
in the recess. The implanting the dopant 1n the source and
drain regions may further comprise implanting one of arsenic,
phosphorus, boron, oxygen, carbon, nitrogen, or boron dii-
luoride 1n the source and drain regions. The forming the
recess 1n the semiconductor substrate may further comprise
1sotropically etching the doped source and drain regions. The
forming the stressor material in the recess may further com-
prise epitaxially growing silicon carbon (S1C), silicon germa-
nium (S1Ge), or a combination of silicon, carbon, or germa-
nium (S1GeC) in the recess. The forming the stressor material
in the recess may comprise growing a first stressor layer in the
recess and growing a second stressor layer over the first
stressor layer. The forming the recess may further comprises
performing first and second etch processes. The first etch
process removes a first portion of the recess adjacent to the
sidewall spacer. The second etch process removes a second
portion of the recess directly underneath the sidewall spacer.
The second etch process may be performed 1n-situ with form-
ing the stressor material. The second etch process may be
performed using process gases selected from a group com-
prising HBr, SF ., NF;, Cl,, O2, Ar, and He. A thickness of the
insulating layer may determine the predetermined distance.
The forming the stressor material may further comprise pro-
viding one of either a tensile stress or a compressive stress on
the channel region of the semiconductor device. The forming
the stressor material 1n the recess may comprise growing first
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and second stressor layers. The first stressor layer 1s formed
with a first in-situ doping concentration 1n the recess. The
second stressor layer 1s formed with a second 1n-situ doping
concentration over the first stressor layer. The forming a
stressor material may further comprise growing the stressor

material on exposed silicon in the recess. The forming a
stressor material may further comprise growing the stressor
material over the semiconductor device, selectively etching,
the stressor material from the gate electrode and the spacer,
and repeating the growing and etching a predetermined num-
ber of times.

Also there 1s described a method for forming a semicon-
ductor device. A semiconductor substrate 1s provided. A gate
dielectric 1s formed over the semiconductor substrate. A gate
clectrode 1s formed over the gate dielectric. A capping layeris
tformed over the gate electrode. An oifset spacer 1s formed
over a sidewall of the gate electrode and the capping layer. A
dopant 1n source and drain regions of the semiconductor
substrate 1s implanted adjacent to the offset spacer to form
doped source and drain regions. A sidewall spacer 1s formed
adjacent to the oflset spacer. A recess 1s formed 1n the semi-
conductor substrate 1n the source and drain regions. The
recess extends directly underneath the sidewall spacer a pre-
determined distance from a channel region, the predeter-
mined distance determined by a thickness of the offset spacer.
A stressor material 1s formed 1n the recess. The forming the
stressor material may further comprise forming one of either
a first stressor material or a second stressor material 1n the
recess, the first stressor material comprising silicon carbon
(S1C) for providing tensile stress for the channel region being
of an N-channel transistor, and the second stressor material
comprising silicon germanium (Si1Ge) for providing com-
pressive stress for the channel region being of a P-channel
transistor. The forming the recess may further comprise per-
forming a first etch process to remove a first portion of the
recess adjacent to the sidewall spacer and performing a sec-
ond etch process to remove a second portion of the recess
directly underneath the sidewall spacer. The second etch may
be performed 1n-situ with forming the stressor material. The
second etch may be performed using process gases selected
from a group comprising HBr, SF ., NF,, Cl,, O,, Ar, and He.

Yet also described 1s a method for forming a semiconductor
device. A semiconductor substrate 1s provided. A gate dielec-
tric 1s formed over the semiconductor substrate. A gate elec-
trode 1s formed over the gate dielectric. A capping layer 1s
tformed over the gate electrode. An olffset spacer 1s formed
over a sidewall of the gate electrode and the capping layer. A
dopant 1s implanted 1n source and drain regions of the semi-
conductor substrate adjacent to the ofiset spacer to form
doped source and drain regions. A sidewall spacer 1s formed
adjacent to the oflset spacer. A recess 1s formed 1n the semi-
conductor substrate 1n the source and drain regions using a
first etch process and a second etch process. The recess
extends directly underneath the sidewall spacer a predeter-
mined distance from a channel region. The predetermined
distance 1s determined by a thickness of the offset spacer. The
first etch process 1s for removing a first portion of the recess
adjacent to the sidewall spacer and the second etch process 1s
for removing a second portion of the recess directly under-
neath the sidewall spacer. The forming the stressor material
may further comprise providing one of either a tensile stress
or a compressive stress on a channel region of the semicon-
ductor device. The second etch process may be performed
in-situ with forming the stressor material. The second etch
process may be performed using process gases selected from
a group comprising HBr, SF ., NF;, Cl,, O,, Ar, and He.

Moreover, the terms “front,” “back,” “top,” “bottom,”
“over,” “under” and the like 1n the description and in the

claims, 1f any, are used for descriptive purposes and not nec-
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essarily for describing permanent relative positions. It 1s
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of opera-
tion 1n other onentations than those illustrated or otherwise
described herein.

Although the mvention 1s described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth in the claims below. For example, the
implant for changing the etch characteristic 1s described as
being also useful as a source/drain dopant that 1s not neces-
sarily required. Because the area receiving the implant 1s
subsequently removed, 1t may be preferably to implant with a
different element that causes a change 1n the etch character-
istic. Other examples to consider for this mnclude but are not
limited to phosphorus, boron, oxygen, carbon, mitrogen, and
boron difluoride. It may also be preferable for the purpose of
etch optimization for the implant to be self-amorphizing and
to then leave the implanted region 1in an amorphous state prior
to performing the recess etch. Accordingly, the specification
and figures are to be regarded 1n an 1llustrative rather than a
restrictive sense, and all such modifications are intended to be
included within the scope of the present invention. Any ben-
efits, advantages, or solutions to problems that are described
herein with regard to specific embodiments are not intended
to be construed as a critical, required, or essential feature or
clement of any or all the claims.

Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more™ 1n the claims
should not be construed to imply that the itroduction of
another claim element by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
clement to inventions contaiming only one such element, even
when the same claim includes the introductory phrases “one
ormore” or “at least one” and indefinite articles such as “a” or
“an.” The same holds true for the use of definite articles.

Unless stated otherwise, terms such as “first” and “second”
are used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily intended

to indicate temporal or other prioritization of such elements.

What 1s claimed 1s:
1. A method for forming a semiconductor device compris-

ng:
providing a semiconductor substrate;

forming a gate dielectric over the semiconductor substrate;

forming a gate electrode over the gate dielectric;

forming an isulating layer over a sidewall of the gate
electrode;

defining source and drain regions 1n the semiconductor
substrate adjacent to the insulating layer;

implanting a dopant 1n the source and drain regions of the
semiconductor substrate to form doped source and drain
regions;

forming a sidewall spacer adjacent to the insulating layer
and over a first portion of the source region and a second
portion of the drain region;

anisotropically etching, in an etch chamber, the source and
drain regions including the first and second portions
using a plasma etch with an active bias source;

1sotropically etching, 1n the etch chamber and after aniso-
tropically etching, the source and drain regions using an
1sotropic etch process achieved by turning off the bias
source to form a {first recess 1n the semiconductor sub-
strate 1n the source region and a second recess in the
semiconductor substrate in the drain region, wherein the
first recess and the second recess extend underneath the
sidewall spacer a predetermined distance from a channel
region; and
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forming a stressor material in the first recess and the second

recess including underneath the sidewall spacer.

2. The method of claim 1, wherein implanting the dopant in
the source and drain regions further comprises implanting
one of arsenic, phosphorus, boron, oxygen, carbon, nitrogen,
or boron difluoride 1n the source and drain regions.

3. The method of claim 1, wherein the anisotropically
etching comprises using sulfur hexatluoride and wherein the
1sotropically etching uses sulfur hexatluoride at a lower con-
centration than 1s used in the anisotropically etching.

4. The method of claim 1, wherein forming the stressor
material 1n the recess further comprises epitaxially growing,
silicon carbon (S1C), silicon germanium (S1Ge), or a combi-
nation of silicon, carbon, or germanium (S1GeC) in the recess.

5. The method of claim 1, wherein forming the stressor
material 1n the recess comprises:

growing a lirst stressor layer 1n the recess; and

growing a second stressor layer over the first stressor layer.

6. The method of claim 1, wherein the anistropically etch-
ing comprises using hexafluoride and a carrier gas and the
1sotropically etching comprises using hexatluoride at a lower
concentration than 1s used 1n the amstropically etching and
the carrier gas at a higher concentration than is used in the
anistropically etching.

7. The method of claim 6, wherein the 1sotropically etching
1s performed in-situ with forming the stressor material.

8. The method of claim 6, wherein the second etch process
1s performed using process gases selected from a group com-
prising HBr, SF., NF,, Cl,, O2, Ar, and He.

9. The method of claim 1 wherein a thickness of the 1insu-
lating layer determines the predetermined distance.

10. The method of claim 1, wherein forming the stressor
material further comprises providing one of either a tensile
stress or a compressive stress on the channel region of the
semiconductor device.

11. The method of claim 1, wherein forming the stressor
material 1 the recess comprises:

growing a first stressor layer with a first m-situ doping

concentration; and

growing a second stressor layer with a second 1n-situ dop-

ing concentration over the first stressor layer.

12. The method of claim 1, wherein forming a stressor
maternal further comprises growing the stressor material on
exposed silicon 1n the recess.

13. The method of claim 1, wherein forming a stressor
material further comprises:

growing the stressor material over the semiconductor

device;

selectively etching the stressor material from the gate elec-

trode and the sidewall spacer; and

repeating the growing and etching a predetermined number

of times.
14. A method for forming a semiconductor device com-
prising;:
providing a semiconductor substrate;
forming a gate dielectric over the semiconductor substrate;
forming a gate electrode over the gate dielectric;
forming a capping layer over the gate electrode;
forming an oflset spacer over a sidewall of the gate elec-
trode and the capping layer;
implanting a dopant to a first depth 1n source and drain
regions of the semiconductor substrate adjacent to the
olflset spacer to form doped source and drain regions;

forming a sidewall spacer adjacent to the ofiset spacer so
that portions of the doped source and drain regions are
under the sidewall spacer;
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anisotropically etching, in an etch chamber, the semicon-
ductor substrate to a second depth greater than the first
depth 1n the source and drain regions in regions adjacent
to the sidewall spacer, wherein the anistropically etching
uses sulfur hexafluoride with an active bias source;

1sotropically etching, in the etch chamber with the bias
source turned oif, the portions of the doped regions of
the semiconductor substrate under the sidewall spacer
using an etchant comprising sulfur hexafluoride that 1s
selective between doped silicon and undoped silicon;
and

forming a stressor material comprising a semiconductor

material 1n the source and drain regions.

15. The method of claim 14, wherein forming the stressor
matenal further comprises forming one of either a first stres-
sor material or a second stressor material in the recess, the first
stressor material comprising silicon carbon (S1C) for provid-
ing tensile stress for the channel region being of an N-channel
transistor, and the second stressor material comprising silicon
germanium (S1Ge) for providing compressive stress for the
channel region being of a P-channel transistor.

16. The method of claim 135 wherein the 1sotropically etch-
ing 1s performed 1n-situ with forming the stressor material.

17. A method for forming a semiconductor device com-
prising:

providing a semiconductor substrate;
forming a gate dielectric over the semiconductor substrate;
forming a gate electrode over the gate dielectric;
forming a capping layer over the gate electrode;
forming an offset spacer over a sidewall of the gate elec-

trode and the capping layer;

implanting a dopant 1n source and drain regions of the

semiconductor substrate adjacent to the offset spacer to
form doped source and drain regions;

forming a sidewall spacer adjacent to the offset spacer;

forming a recess i1n the semiconductor substrate 1n the

source and drain regions using a {irst etch process per-
formed 1n an etch chamber using an active bias source so
that the first process 1s anisotropic and a second etch
process performed 1n the etch chamber that 1s 1sotropic
resulting from turming off the bias source, the recess
extending directly underneath the sidewall spacer a pre-
determined distance from a channel region, the prede-
termined distance being determined by a thickness of the
offset spacer, wherein the first etch process removes a
first portion of the semiconductor substrate adjacent to
the sidewall spacer and the second etch process removes
a second portion of the semiconductor substrate,
wherein the second portion comprises portions of the
doped source and drain regions underneath the sidewall
spacer; and

forming a stressor material in the recess, wherein the stres-

sor material comprises a semiconductor material of a
composition different from that of the semiconductor
substrate.

18. The method of claim 17, wherein forming the stressor
matenal further comprises providing one of either a tensile
stress or a compressive stress on a channel region of the
semiconductor device.

19. The method of claim 17, wherein the second etch
process 1s performed 1n-situ with forming the stressor mate-
rial, and wherein the second etch process 1s performed using
process gases selected from a group comprising HBr, SF .,

NF,, CL,, O,, Ar, and He.
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